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(54) Incubation chamber in automated immunoassay analyser 

(57) Method and apparatus for transportation and 
processing of multiple protocol assays within an auto- 
mated immunoassay analyzer instrument (10). The 
apparatus includes a cuvette ring (32) movably coupled 
to a magnet ring (30). In one embodiment, the magnet 
ring (30) and cuvette ring (32) are provided having circu- 
lar shapes. A temperature controlled housing (28) is dis- 
posed about the cuvette and magnet rings to provide a 
rotary incubation and particle separation chamber (12). 
The cuvette ring (32) holds a plurality of cuvettes each 
of which may have a different assay disposed therein. 
The cuvette ring (32) advances the cuvettes around the 
circumference of the incubation chamber. A plurality of 
discrete processing centers for aspiration and dispens- 
ing fluid samples, reagents and wash fluids are disposed 
at predetermined positions about the incubation cham- 
ber (12). The cuvette ring (32) moves cuvettes in both 
clockwise and counter clockwise directions around the 
incubation chamber (12) to position particular cuvettes 
at particular ones of the plurality of discrete processing 
centers to thus accomodate different protocols of each 
of the assays. By controlling the manner in which the 
cuvette ring (32) moves within the incubation chamber 
( 1 2) , a plurality of differ ent protocol assays each of which 
require different incubation times, can be simultaneously 
processed in the analyzer instrument. 



FIG. I 
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Description 

FIELD OF THE INVENTION 

This Invention relates to automated immunoassay 
analyzer systems and more particularly to incubation 
chambers used in such systems. 

BACKGROUND OF THE INVENTION 

As is known in the art, there is a trend in hospitals, 
clinics, laboratories and other locations to perform tests 
(assays) on samples of patient specimens such as blood, 
spinal fluid, urine, serum, plasma, and the like using 
automated immunoassay analyzer systems. Relatively 
sophisticated automated analyzer systems typically 
accept a plurality of different patient specimen samples 
and perform different tests on each of the different sam- 
ples. The samples may be diluted or otherwise treated 
depending upon the type of analyzer system used, the 
type of assay being performed, and other factors includ- 
ing but not limited to the desired analyte concentration. 

The samples are typically placed in a container such 
as a sample cup or a primary tube for example, which is 
then placed in the analyzer system. One or more appro- 
priate chemical reagents needed to perform the assays 
are also placed in the analyzer system. The reagents are 
typically mixed with the samples in the analyzer system 
via a fluid moving system generally provided as a pipette 
controlled by a robotic arm. The pipette is adapted to 
aspirate portions of the reagents and/or samples and 
dispense them into appropriate ones of the cuvettes 
where a reaction can take place. 

Different types of assays may require different 
amounts of the sample specimen, different amounts of 
reagents, different processing steps, different incubation 
times, etc.... Thus one problem which arises in auto- 
mated analyzer systems is that it may be necessary to 
reset the system and load different reagents or it may 
even be necessary to re-program the automated ana- 
lyzer system prior to processing a new assay. 

For example, even if only a few of several different 
types of assays need to be run, the operator-user must 
load and run the analyzer system for the first type of 
assay and then after the testing on the first type of assay 
is complete, the operator-user must reload and reset the 
analyzer system to run the next different type of assay 
on another batch of samples using perhaps different rea- 
gents and so on. These steps are repeated until all of the 
different assays are complete. Thus, although such auto- 
mated analyzer systems can provide assay results more 
quicWy and conveniently than manual approaches, over- 
all throughput of the analyser system is not maximized. 

It would be desirable therefore to provide an auto- 
mated analyzer system capable of processing more than 
one type of assay on specimen samples in an unat- 
tended run and capable of performing different types of 
assays on a number of different specimen samples 
simultaneously without resetting the analyzer system or 



reloading reagents or other chemicals in the analyzer 
system prior to processing the different types of assays 
to thus increase the overall throughput of the analyzer 
system. 

5 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an auto- 
mated immunoassay analyzer instrument includes a 

w continuous closed loop incubation chamber and a plu- 
rality of processing centers disposed about the incuba- 
tion chamber with each of the plurality of processing 
centers for aspiration and dispensing of at least one of 
specimen samples, reagents, and wash fluids. The incu- 
rs bation chamber includes a continuous closed loop 
cuvette track for moving cuvettes in first and second 
opposite directions around the incubation chamber such 
that particular ones of plural cuvette slot positions in the 
cuvette track are positioned proximate particular ones of 

20 the plurality of processing centers at predetermined peri- 
ods of time during a predefined cycle time. With this par- 
ticular arrangement, an automated random access 
immunoassay analyzer instrument capable of perform- 
ing a plurality of different assays each of such assays 

25 having different protocols is provided. By providing the 
incubation chamber as a continuous loop, different incu- 
bation times may be accommodated by allowing an 
assay in a cuvette to complete multiple revolutions 
around the incubation chamber. Additionally, since the 

30 cuvette track can move cuvettes in any direction around 
the incubation chamber, the motion sequence of the 
cuvette track can be adjusted to accommodate different 
assay requirements. For example, specimen samples 
and reagents may be added to cuvettes at times selected 

35 to adjust the incubation time of the cuvette. The auto- 
mated immunoassay analyzer instrument further 
includes a continuous closed loop magnet track to which 
the cuvette track is movably coupled to thus provide the 
incubation chamber as an incubation and particle sepa- 

40 ration chamber in which paramagnetic particle separa- 
tion may be performed in each of the cuvettes. In 
preferred embodiments, the cuvette track and magnet 
track are each provided having circular or ring shapes to 
thus provide the incubation and particle separation 

45 chamber as a rotary incubation and particle separation 
chamber. The assays may be processed by a scheduler 
in the analyzer instrument on a first-in-first-out (FIFO) 
basis or alternatively the process scheduler may be used 
to determine a particular order in which particular tests 

so should be performed to thus maximize throughput of the 
analyzer system. In this manner the system is capable 
of processing a large number of assays in a predeter- 
- mined period of time. For example, in one embodiment, 
the system can process about two-hundred and forty 

55 assays per hour. 

In accordance with a further aspect of the present 
invention, an automated immunoassay analyzer instru- 
ment includes a magnet ring having a magnet assembly 
coupled thereto, a cuvette ring movably coupled to the 
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magnet ring and a drive system coupled to the magnet 
ring for moving the magnet ring in first and second oppo- 
site directions. With this particular arrangement an auto* 



multiple protocol assays including paramagnetic particle 5 
separation assays is provided. By moving the cuvette 
ring relative to the magnet ring, cuvettes containing 
assays are moved past the magnet assembly. Paramag- 
netic particles in the cuvette are attracted to one region 
of the cuvette by a magnetic force provided from the 10 
magnet assembly to thus perform paramagnetic particle 
separation. In one embodiment, the drive system 
includes a servo motor coupled to the magnet ring by a 
belt. The servo motor turns the belt to drive the magnet 
ring at high speeds. By providing the belt as a steel belt 15 
which does not tend to stretch, the servo motor may pre- 
cisely position each of the cuvettes in the cuvette ring at 
predetermined points around the incubation chamber. 
The steel drive belt can be pinned to the magnet ring to 
thus minimize slippage between the drive belt and mag- 20 
net ring and thus allow the magnet ring to be driven at 
high speeds while still maintaining the ability to accu- 
rately position the magnet ring at predetermined loca- 
tions around the incubation chamber. In an alternate 
embodiment, the steel belt can be coupled to the magnet 25 
ring via friction. The cuvette ring can be coupled to the 
magnet ring via a detent pin which locks the cuvette ring 
to the magnet ring. The analyzer instrument further 



pin to thus allow the cuvette ring to move relative the 
magnet ring. Upon completion of a movement of the 
cuvette ring relative the magnet ring, the detent pin re- 
engages the detent pin to re-lock the cuvette ring to the 
magnet ring. In this manner each cuvette in the cuvette 



FIG. 2 is an exploded view of an incubation cham- 
ber; 

FIG. 3 is a cross sectional viewof a preheat chamber 

region of an incubation chamber; 

FIG. 4 is a cross sectional view of an incubation 

chamber; 

FIG. 5 is a side view of a split magnet assembly; 
FIGs. 6 and 6A are cross sectional views of an index 
mechanism; 

FIG. 7 is a cross sectional view of an elevator mech- 
anism used in an incubation chamber; 
FIGs. 8-8B are a series of diagrams illustrating cycle 
timings in an incubation chamber; 
FIGs. 9-9C are a series of flow diagrams illustrating 
exemplary protocols which may be run in the incu- 
bation chamber of the present invention; 
FIGs. 1 0 and 10A show an alternate embodiment of 
an incubation chamber having separately movable 
cuvette and magnet rings; 
FIG. 1 1 shows another alternate embodiment of an 
incubation chamber having separately movable 
cuvette and magnet rings; 
FIG. 12 shows yet another alternate embodiment of 
an incubation chamber having separately movable 
cuvette and magnet rings; and 
FIG. 13 shows yet another alternate embodiment of 
an incubation chamber having separately movable 
cuv 



to the magnet ring to thus facilitate paramagnetic particle 
separation in each of the cuvettes The maanet assembly 



30 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to FIG. 1, an automated immu- 
noassay analyzer instrument 10 includes an incubation 
35 chamber 12 having coupled thereto a luminometer 14 
and photomultiplier tube 15, an index mechanism 16, a 

Hrivo accomhlv 1fi a ri iv/otto faoHor 90 anrohoatrham. 
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housing 28 includes temperature control means 40 FIG. 
(1 A) to which is coupled a temperature control circuit 29 
which sends control signals to the temperature control 
means 40 to thus control the temperature of the chamber 
housing 28. 5 

Portions of the temperature controlled chamber 
housing 28 have here been removed to reveal that the 
incubation chamber 12 also includes a magnet ring 30 
and a cuvette ring 32 over which the chamber housing 
28 is disposed. w 

The cuvette ring 32 is provided having a plurality of 
slots formed therein each of such slots adapted to accept 
a cuvette. In this particular embodiment the cuvette ring 
32 has 1 1 5 cuvette slots and can thus hold 1 1 5 cuvettes 
each of which may have an assay disposed therein. 15 
Those of ordinary skill in the art will appreciate of course 
that the system 10 could alternatively be provided having 
cuvette and magnet rings sized such that the cuvette ring 
has greater or fewer than 1 1 5 cuvette slots. 

In FIG. 1 each of the 1 1 5 cuvette slots in the cuvette 20 
ring 32 have been labeled with a numerical reference 
designation from 1 to 115. It should be noted that the 
numerical reference designation of the cuvette slots 
have been arbitrary assigned and are included here only 
to assist in explaining and understanding the operation 25 
of the incubation chamber 12. 

As will be described in detail below in conjunction 
with FIGs. 2 and 6, the cuvette ring 32 is movably coupled 
to the magnet ring 30 such that the cuvette ring 32 can 
move relative to the magnet ring 30. 30 

The magnet ring 30 has a magnet assembly 34 cou- 
pled thereto. The magnet assembly 34 in this particular 
embodiment includes a pair of magnets 34a, 34b spaced 
by a predetermined distance here corresponding to a 
single cuvette slot. 35 

The cuvette feeder 20 and preheat chamber 22 will 
be described in detail in conjunction with FIG. 3 below. 
Suffice it here to say, however, that cuvettes placed into 
the cuvette feeder 20 are fed into the preheat chamber 
22 which leads to a cuvette entrance chute of the incu- 40 
bation chamber 1 2. Cuvettes are fed through the cuvette 
entrance chute and are disposed into the slots of the 
cuvette ring 32. The cuvette ring 32 thus holds the 
cuvettes as the cuvettes move around the incubation 
chamber 12. 45 

The assays in each of the cuvettes may have differ- 
ent protocols. That is the assays may have different incu- 
bation times, different reagent addition times, different 
wash cycles, etc. For example, a single pass assay cycle 
generally describes an assay having an incubation time 50 
period typically of about eight minutes and which passes 
by the magnets 34 and wash stations 24f, 24h, 24i only 
once. The incubation time corresponds to the time 
between when a reagent is added to a cuvette until the 
time the cuvette reaches a first one of the magnets 34a, 55 
34b in the magnet assembly 34. Thus, as will be 
described in detail in conjunction with FIG. 9 below, an 
eight minute incubation time is achieved by adding a rea- 
gent to a cuvette which is positioned in the cuvette ring 



32 such that the cuvette will not reach the magnet 
assembly 34 for about eight minutes. 

Other assays, however, may require longer incuba- 
tion times. For example some assays may require an 
incubation period typical of about eighteen minutes. 
Thus, as will also be described in conjunction with FIG. 
9 below, to achieve an eighteen minute incubation 
period, a reagent is added to a cuvette positioned in the 
cuvette ring 32 which will not reach the magnet assembly 
34 for a time period of about eighteen minutes. 

It should also be noted that since the incubation 
chamber 12 is provided as a continuous loop, cuvettes 
may make multiple revolutions around the incubation 
chamber 1 2 and thus pass by the magnets 34a, 34b and 
wash stations 24f, 24h, 24i two or more times. 

Thus, providing the incubation chamber 12 as a con- 
tinuous track or loop avoids the necessity of having a plu- 
rality of different magnet assemblies, probe stations and 
wash stations thus reducing the need for extra parts and 
thereby reducing cost and increasing the reliability of the 
analyser system 10. That is, by providing the incubation 
chamber 12 as a continuous track, cuvettes can be 
moved past processing stations multiple times thereby 
minimizing the number of protocol specific components 
included in the analyzer system 10. 

It should be noted that although the incubation 
chamber 12 is here shown having a circular or ring 
shape, in other embodiments it may be desirable for the 
incubation chamber 12 to be provided having a rectan- 
gular shape, a triangular shape, an oval shape or any 
other shape which allows the incubation chamber 12 to 
be provided as a continuous track. The particular shape 
of the incubation chamber 1 2 may be selected in accord- 
ance with a variety of factors including but not limited to 
size, cost and space requirements of the incubation 
chamber 12 and analyzer system 10. 

In operation, cuvettes are placed in the hopper 
feeder 20 and are fed down a chute to the preheat cham- 
ber 22 where the cuvettes are heated to a temperature 
typically of about 37 degrees centigrade (°C). The pre- 
heat chamber 22 is coupled to the temperature control 
circuit 29 which controls the temperature of the preheat 
chamber 22 independently of the temperature of the 
incubation chamber 12. Thus, the preheat chamber 22 
can be heated or cooled to any temperature independent 
of the temperature of the incubation chamber 12. 

As will be described in conjunction with FIG. 3 below, 
the cuvettes are then moved through the preheat cham- 
ber 22 and fall through a cuvette entrance chute into one 
of the plurality of cuvette slots in the cuvette ring 32. 

The drive assembly 1 8 is coupled to the magnet ring 
30 of the incubation chamber 12 via a metal belt 35 hav- 
ing openings formed therein to accept corresponding 
studs or teeth projecting from an outer first surface of a 
drive pulley coupled to the drive assembly 18. By provid- 
ing the incubation chamber 12 having a circular shape, 
the drive assembly 1 8 can be provided as a bi-directional 
servo motor having the metal belt 35 coupled between 
the magnet ring 30 and the drive pulley of the bi-direc- 
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tional motor 18. It should be noted that the servo motor 
could alternatively be provided as a stepper motor and 
the belt could be provided from a non-stretch material 
which is not metal. For example, in some embodiments 
it may be desirable to provide the belt 35 as a poly- 5 
urethane belt having one or more stainless steel cables 
disposed therein. 

In a preferred embodiment, the belt 35 is provided 
from steel to thus minimize belt stretching which would 
result in less accurate positioning of the magnet ring 30, 10 
and thus cuvettes, with respect to the probe stations 24. 
To further increase the accuracy with which the drive sys- 
tem 18 can position cuvettes and as will be described 
below in conjunction with FIG. 4, a first end of the belt 
35 can be fixed to the magnet ring 30. 15 

In alternate embodiments, however, a friction cou- 
pling may be provided between the belt 35 and the mag- 
net ring 30. Alternatively still, in some applications it may 
be desirable to drive the cuvette or magnet ring using 
gears rather than a belt. In yet other applications, the 20 
cuvette or magnet ring may be driven by a chain coupled 
between one of the rings and the motor 1 8. Suffice it to 
say that there are a plurality of means which can be used 
to couple the motor 1 8 to the rings 30, 32. 

The plurality of probe stations 24 are disposed 25 
around the circumference of the incubation 12 at prede- 
termined locations and are arranged to aspirate and/or 
dispense fluids fromAo cuvettes affixed positions around 
the circumference of the incubation chamber 12. Thus, 
the cuvette ring 32 must rotate the cuvettes around the 30 
circumference of the incubation chamber 12 to position 
cuvettes at particular cuvette positions such that partic- 
ular probe stations 24 can access the cuvettes to thereby 
allow particular operations to be accomplished at prede- 
termined periods of time. 35 

A sample probe 24a is aligned at position 1 1 1 of the 
cuvette ring 32. Fluid samples which have been aspi- 
rated by the sample probe are dispensed into which ever 
cuvette is aligned with position number 1 1 1 of the cuvette 
ring 32. Therefore, in order to dispense a sample into a 40 
particular cuvette, the cuvette must be aligned under 
position number 1 1 1 of the cuvette ring 32. 

Similarly, an ancillary probe 24b is aligned to dis- 
pense ancillary reagents into a cuvette which is aligned 
at position 1 1 5 of cuvette ring 32. Thus, a cuvette which 45 
requires an ancillary reagent must be aligned at position 
11 5 of the cuvette ring 32. Likewise, a re-suspend probe 
24c is aligned with position 4 of the cuvette ring 32 and 
thus a cuvette which requires a re-suspend fluid must be 
aligned at position 6 of the cuvette ring 32. Likewise, an so 
acid probe 24d is aligned to dispense acid into a cuvette 
which is aligned with position 6 of the cuvette ring 32 and 
thus a cuvette which requires an acid dispense must be 
aligned at position 6 of the cuvette ring 32. Likewise, an 
aspirate probe 24e is arranged to aspirate fluid from a 55 
cuvette which is aligned with position 8 of the cuvette ring 
32. A aspirate/wash probe station 24f is aligned to 
access cuvettes at position 9 of the cuvette ring 32. A re- 
suspend dispense probe 24g is arranged to dispense a 



fluid into a cuvette positioned between the magnets 34a, 
34b at position number 9 of the cuvette ring 32 to thus 
re-suspend particles in the cuvette. A pair of wash and 
aspirate probes 24h, 24i are arranged to process 
cuvettes which aligned with positions 1 5 and 1 6 respec- 
tively of the cuvette ring 32. 

A plurality of reagent probe access stations 24j-24m 
are aligned to dispense reagents into cuvettes which are 
respectively aligned with positions 29, 31 . 42, and 53 of 
the cuvette ring 32. The insulative and chamber hous- 
ings 26, 28 are provided having holes or spaces therein 
to allow the probes to access the cuvettes through the 
housings 26, 28. It should be noted that some of the 
probes 24i - 24I may use the same holes in the housings 
26, 28. However, such use cannot be simultaneous. It 
should also be noted that it may be possible in some 
embodiments to have a single probe perform more than 
one function. For example, a single probe may dispense 
reagents at either position 29 or position 31 of the cuvette 
ring 32. 

Depending on the type of assay being performed, 
particular ones of the reagent, aspirate/wash probes, 
dispense probes and acid probes are used. It should be 
noted that every probe is not used during the processing 
of every assay. Rather only particular probes are used 
during the processing of particular assays. 

As show in FIG. 1 , the magnet index assembly 16 is 
aligned at position 23 of the cuvette ring 32. As will be 
described in detail in conjunction with FIG. 6 below, mag- 
net index assembly 1 6 allows the cuvette ring 32 to move 
relative the magnet ring 30 and thus the magnets 34a, 
34b. 

It should also be noted that although the magnets 
34a, 34b are here spaced by a single cuvette slot, in 
other embodiments it may be desirable to space the 
magnets 34a, 34b by a plurality of positions or alterna- 
tively to juxtapose the magnets 34a, 34b such that there 
is no gap between the magnets 34a, 34b. The spacing 
between the magnets 34a, 34b may thus be selected in 
accordance with a variety of factors including but not lim- 
ited to the particular type of assays being performed in 
the analyzer system 10. 

Referring now to FIG. 1 A, a plurality of temperature 
control means 40 are coupled to the incubation chamber 
12 to maintain the incubation chamber 12 at a predeter- 
mined temperature. In this particular embodiment, four 
temperature control means 40 are coupled to the incu- 
bation chamber 12. It should be noted, however, that 
fewer or more than four temperature control means 40 
can be used. 

The precise number of temperature control means 
40 should be selected such that the temperature of the 
incubation chamber 12 can be regulated and evenly 
maintained at a predetermined temperature. It should 
also be noted that each of the individual temperature 
control means 40 are coupled to the temperature control 
circuit 29 and that in some applications, it may be advan- 
tageous to set each of the means 40 at a different tem- 
perature. 
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In this particular embodiment, each of the tempera- 
ture control means 40 includes a mounting member 42 
having a thermal electric device 44 (TED) mounted on 
opposite ends thereof. The particular manner in which 
the TEDs 44 are mounted to the member 42 and coupled 
to the incubation chamber 12 will be described below in 
conjunction with FIG. 1 B. Suffice it here to say that the 
TEDs 44 are coupled to the incubation chamber 12 and 
can either heat or cool the incubation chamber 1 2 to thus 
maintain the temperature of the incubation chamber 12 
within a predetermined range of temperatures. Thus, in 
this particular embodiment, the temperature control 
means 40 is provided from eight TEDs 44 mounted in 
pairs on four TED mounting blocks 42 each of which are 
coupled to the mounting plate 52 by thermally conductive 
support member 50. 

Referring now to FIG. 1 B, in which like elements of 
the heating means 40 of FIG. 1 A are provided having like 
reference designations, the base ring 46 of the incuba- 
tion chamber 12 (FIG. 1 A) includes a step region 46a on 
which a thermal electric device (TED) 44 is disposed. An 
insulating member 48 is disposed about the TED 44 to 
position the TED 44 with respect to the base ring step 
46a and to thermally isolate the base ring 46 from the 
TED mounting member 42 and a support member 50. 
The TED mounting member 42 and the support member 
50 are each provided from a thermally conductive mate- 
rial such as aluminum, for example to thus provide a ther- 
mally conductive path between the TED 44 and a 
mounting plate 52. 

The insulating member 48 is provided having an 
aperture therein with the shape of the aperture selected 
to substantially match the shape of the TED 44. For 
example, if the TED 44 is provided having a rectangular 
shape, then the insulating member 48 is provided having 
a rectangular shaped aperture provided therein. Thus, a 
first surface of the TED 44 contacts a bottom surface of 
the base ring 46 and a second surface of the TED 44 
contacts the mounting member 50. The TED 44 is 
thereby coupled to the thermal path provided by the 
mounting member 50 and support member 50. 

The mounting plate 52 supports the incubation 
chamber 12. In preferred embodiments, the mounting 
plate 52 is also provided from a thermally conductive 
material to thus absorb any thermal energy transmitted 
from the TEDs 44 through the TED mounting block 42 
and through the thermally conductive support member 
50. 

Referring now to FIG. 2, the incubation chamber 12 
includes a cover 60 here provided from a plurality of sub- 
cover sections 60a-60g which are disposed over a 
cuvette ring 62. The incubation chamber 12 further 
includes a plurality of cuvette ring bearings 64a-64f gen- 
erally denoted 64, a magnet ring 66, a magnet ring bear- 
ing 68 and a base ring 70. 

The cuvette ring 62 is provided as a circular alumi- 
num ring having 1 1 5 slots provided therein with each of 
the slots sized to accommodate a cuvette. The cuvette 



ring 62 is movably coupled to the magnet ring 66 via the 
cuvette ring bearings 64a-64f. 

In this particular embodiment, each of the cuvette 
ring bearings 64 are provided having a substantially L 

5 shaped cross section. The bearings 64 can be provided 
from plastic or any other material well known to those of 
ordinary skill in the art having sufficient strength to sup- 
port the cuvette ring 62 while also allowing the cuvette 
ring 62 to rotate freely with respect to the magnet ring 66. 

10 A first or bottom surface of each of the cuvette ring 
bearings 64 are disposed on a top surface of the magnet 
ring 66. The cuvette ring 62 is disposed over the cuvette 
ring bearings 64 and a bottom surface of the cuvette ring 
62 contacts a second or top surface of each of the cuvette 

is ring bearings 64. Thus, the cuvette ring bearings 64 act 
as friction type bearings which provide a region on which 
the cuvette ring 62 seats. 

In this embodiment, the cuvette ring 62 and magnet 
ring 66 are provided having an inside diameter typically 

20 of about 20 inches. It is thus relatively difficult to maintain 
tight tolerances during fabrication of the cuvette and 
magnet rings 62, 66. The cuvette ring bearings 64 there- 
fore are preferably positioned about the magnet ring 66 
to accommodate for the inaccuracies, machining toler- 

25 ances and other imperfections resultant from fabricating 
the cuvette and magnet rings 62, 66 to thus ensure that 
the cuvette ring 62 properly seats on the magnet ring 66. 
Also, and as will be described below, the cuvette ring 
bearings 64 insure the cuvette ring 62 moves freely rel- 

30 ative the magnet ring 66. 

Each of the cuvette ring bearings 64 are coupled to 
the magnet ring 66 via a pair of screws 65 and a set screw 
124 which mate with threaded holes 67 and 71 respec- 
tively in the magnet ring 66. Here, only a single pair of 

35 screws 65 and a single set screw 124 are shown. The 
set screws 65 can be tightened to secure the cuvette ring 
bearings 64 in the axial direction. Thus, the set screws 
provide a means for adjusting the position of the cuvette 
ring bearings 64 while the cuvette ring bearings 64 pro- 

40 vide a means for preventing the cuvette ring 62 from mov- 
ing out of round and/or wobbling with respect to the 
magnet ring 66. The cuvette ring bearings 64 thus allow 
the cuvette ring 62 to slide freely about the magnet ring 
66 while still insuring that the cuvette ring 62 is firmly 

45 secured to the magnet ring 66. 

Although in this particular embodiment the cuvette 
ring 62 is movably coupled to the magnet ring 66 via the 
cuvette ring bearings 64, it is recognized that any means 
for movably coupling the cuvette ring 62 to the magnet 

so ring 66 may also be used. It should be appreciated that 
the cuvette ring 62 and magnet ring 66 in fact need not 
be physically coupled together as long as the two rings 
can be accurately moved and positioned relative to each 
other. 

55 Examples of other techniques which may be used 
to provide a cuvette ring and a magnet ring which are 
movable with respect to each other will be discussed 
below in conjunction with FIGs. 10;13. 
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During assembly, the magnet ring bearing 68 is first 
disposed over the base ring 70 and located in a particular 
position with respect to the base ring 70 via an alternat- 
ing sequence of locating pins 72 and screw holes 74 
which here are equally spaced around the perimeter of 
the base ring 70. The ring bearing 68 is provided having 
corresponding through holes 76 disposed to accept the 
locking pins 72 and allow the ring bearing 68 to be fas- 
tened to the base ring 70 via screws or other fastening 
means (not shown). 

The magnet ring 66 is then press fit onto the ring 
bearing 68. To insure an accurate press fit, the magnet 
ring 66 and ring bearing 68 are manufactured having a 
filed interference fit. It should be noted that in alternate 
embodiments, the magnet ring 66 and ring bearing 68 
could, of course, be provided as a single piece in which 
case the magnet ring 66 would form the outer race of the 
assembly. 

The cuvette ring 62 and the cuvette ring bearing 64 
are then coupled to the assembly formed by the magnet 
ring 66, magnet ring bearing 68 and base ring 70. The 
chamber covers 60 are then disposed over the entire ring 
assembly 90 to form the incubation chamber 12. 

As mentioned above, in this particular embodiment 
the cover 60 is provided from a plurality of sub-covers 
60a-60g. Sub-cover 60a corresponds to a back area 
cover, sub-cover 60b corresponds to a servo area cover, 
sub-cover 60c corresponds to a sample area cover, sub- 
cover 60d corresponds to a wash area cover, sub-cover 
60e corresponds to an index area cover, sub-cover 60f 
corresponds to a reagent probe area cover and sub- 
cover 60g corresponds to a luminometer area cover. By 
providing the cover 60 from a plurality of sub-covers 60a- 
60g one can access different regions of the incubation 
chamber 12 without disturbing other regions of the incu- 
bation chamber 12. For example, in the event that the 
index mechanism 16 (FIG. 1) requires maintenance, the 
index cover 60e may be removed without disturbing the 
wash area cover 60d or any other covers. It is preferable, 
of course, if the dimensions of each of the chamber cov- 
ers 60a-60g are selected to be equal to thus reduce the 
manufacturing costs and complexity of the chamber cov- 
ers 60. 

The sample area cover 60c is provided having a pair 
of slots 61a, 61b in a bottom surface thereof. The slots 
61a, 61b allow the belt 35 (FIG. 1) and sensors (not 
shown) to be disposed in the incubation chamber. The 
sample area cover 60c also has a hole 61c provided in 
a top surface thereof. The hole 61c allows a sample 
probe to access a cuvette in the cuvette ring 62. It should 
be noted that each of the sub-covers may be provided 
having slots and holes therein to thus accommodate 
probes, sensors or any other devices which require 
access to the inside of the incubation chamber. 

The wash separation cover 60d includes a pair of 
windows 82 through which a user operator can view the 
paramagnetic particle separation step of any particular 
assay cycle. 



Each of the covers 60a-60g are preferably provided 
from a thermally conductive material such as aluminum 
to thus provide good thermal transfer characteristics with 
the base ring 70. Alternatively, the covers 60a-60g could 
5 be provided from plastic. One problem with the plastic 
cover approach, however, is that the incubation chamber 
12 may have resultant warm regions and cold regions 
due to the poor thermal conduction characteristics of 
plastic. It is not desirable when processing the assays to 
to subject the assays to arbitrarily varying temperature 
zones within the incubation chamber 12. Thus in the 
event it was desirable to provide the sub-covers 60a-60g 
from a material which is a poor thermal conductor, such 
as plastic for example, a thermally conductive finish 
15 could be disposed over the material to thus provide the 
incubation chamber 12 having relatively even thermal 
characteristics. 

After each of the covers are disposed over the ring 
assembly and are secured to the base ring 70 via screws, 
20 an insulation cover (FIG. 6) is disposed over the entire 
assembly. The insulation cover may be provided, for 
example, as a one piece-vacuum form cover to thus 
reduce cost and facilitate assembly. 

Referring now to FIG. 3, the preheat chamber 22 
25 includes a preheat chamber entrance chute 82 through 
which cuvettes 84 are disposed into an entrance position 
of a first channel region 88 of the preheat chamber 22. 

Cuvettes 84 are disposed in the entrance chute 82 
and rest upon a first surface of a pusher block 90 here 
30 shown in a fully extended position. The pusher block 90 
is coupled through a follower block 92 and lead screw 94 
to a drive system 96 which may be provided from a step- 
per motor for example. The first end of the lead screw 94 
has a lead screw pulley 98 coupled thereto. The drive 
35 system 96 includes a shaft 1 00 having a drive-shaft pul- 
ley 102 coupled thereto. 

A belt 104 is coupled between the lead screw pulley 
98 and the drive-shaft pulley 102. The drive system 96 
turns the lead screw 94 in first and second opposite 
40 directions to thereby move the follower block 92 in first 
and second opposite directions along the length of the 
lead screw 94 and thus move the pusher block 90 in first 
and second opposite directions along the length of the 
preheat channel. 
45 The follower block 92 has a pair of tabs 1 05 extend- 
ing from a bottom surface thereof. The tabs 105 interact 
with a pair of optical sensors 106a, 106b which sense 
the position of the pusher block 90 and feed positioned 
information to the control system 25 (FIG. 1). When the 
so pusher block 90 retracts past an opening in the top of the 
preheat chamber 22, a cuvette 26 falls through the open- 
ing and into the channel 28 of the preheat chamber 22. 

The pusher block 90 pushes the cuvette 26 from the 
entrance position directly under the entrance chute 82 
55 along the channel region 88 until the cuvette reaches an 
incubation chamber 12 entrance chute 114. 

The incubation chamber 12 is here shown to include 
the cover 50, the base ring 70 and the magnet ring bear- 
ing 68 which are coupled to form a closed channel in 
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which the cuvette 26 is disposed. The cuvette ring 62 
(FIG. 2) and magnet ring 66 (FIG. 2) have been omitted 
for clarity. Disposed around the cover base ring and mag- 
net ring bearing 68 of the incubation chamber 12 are a 
pair of insulating members 108, 110. The insulating 5 
members 108, 110 are here provided from a closed cell 
foam material having a thickness typically of about .25 
inches. Other materials having similar insulation charac- 
teristics may of course also be used. The incubation 
chamber cover 28 and base ring 70 are provided from w 
aluminum. 

An end cap 112 forms the cuvette entrance chute 
1 1 4 from the preheat chamber channel region 28 into the 
incubation chamber 12. The cuvette 84 travels through 
the cuvette entrance chute 114 through an aperture 117 
of the incubation chamber 1 2 and seats in a slot of the 
cuvette ring 62 (FIG. 2). 

The cuvette slots should be provided having a shape 
selected to accommodate the shape of the cuvette 84 
Such that the cuvette 84 can easily be accepted therein 
without having any surfaces that tend to bind or catch on 
a surface of the cuvette 84. Moreover the cuvette slot 
should be provided having a shape which positions the 
cuvette 84 and holds the cuvette 84 relatively securely 
in the cuvette ring 62. The shape of the cuvette slot 
should also be selected such that cuvettes 84 can fall 
freely from the entrance chute 114 into the cuvette slot 
in a self guiding manner. Additionally the cuvette slot 
should be provided having a shape that could be manu- 
factured relatively inexpensively. 

The preheat channel 88 has disposed thereover an 
acrylic cover 116 having a thickness typically about .25 
inches which provides the preheat chamber 22 as a 
closed channel and also serves to insulate the preheat 
chamber 22 from other surfaces contacting the top por- 
tion of the preheat chamber 22. 

As may be more clearly seen in FIG. 1 , in this par- 
ticular embodiment the entrance from the preheat cham- 
ber 22 to the incubation chamber 12 is spaced a 
relatively short distance from the luminometer 14 and in 
particular from the luminometer entrance chute 82. 
Those of ordinary skill in the art will recognized of course 
that the cuvette entrance from the preheat chamber 22 
to the incubation chamber 12 could be disposed at any 
region of the incubation chamber 12. 

It is convenient in this particular embodiment, how- 
ever, to position the cuvette entrance chute 1 1 4 proxi- 
mate the luminometer 14 since the luminometer 14 
provides a means for removing cuvettes 84 from the 
incubation chamber 1 2 and from the analyzer system 1 0. 
That is, a cuvette 84 can be moved from the cuvette ring 
62 into the luminometer 14. The luminometer 14 meas- 
ures the amount of light emitted from a chemilumines- 
cent reaction which takes place in the cuvette 84. Upon 
completion of the measurement, the luminometer 14 
expels the cuvette 84 in which the reaction took place 
from the analyzer system 10 (FIG. 1). 

It should be noted that since the magnet ring and 
cuvette ring can move in both clockwise and counter 



clockwise directions there is a great deal of flexibility with 
respect to the particular placement of devices such as 
the probes 24, the luminometer 1 4, the index mechanism 
16 and the cuvette entrance chute 22 about the incuba- 
tion chamber. The devices, however, must be placed to 
allow certain processes to take place at predetermined 
periods of time and thus must be selected in accordance 
with the motions of the cuvette and magnet rings. Exem- 
plary motions of the cuvette and magnet rings will be 
described in conjunction with FIGs. 8-8b below. 

Referring now to FIG. 4, the incubation chamber 12 
includes the cover 60 and base 70 here coupled together 
via screws 1 20a, 1 20b. It should be noted, however, that 
any type of fastening technique well known to those of 
ordinary skill in the art may also be used to secure 
together the cover 60 and base ring 70 portions of the 
incubation chamber 1 2. 

A cuvette 84 is shown disposed in a cuvette slot 122 
of the cuvette ring 62. The cuvette 84 is provided having 
a top flange 26a, which rests on shoulder region 98 of 
the cuvette ring 62 and a side flange 26b which engages 
side wall regions of the cuvette ring 62 which form the 
cuvette slot 122. 

A first surface of a cuvette ring 62 is disposed 
against a first surface of a cuvette ring bearing 64. A sec- 
ond surface of the cuvette ring bearing 64 is disposed 
against a first surface of the magnet ring 66. As 
described above, the cuvette ring bearing 64 is held in 
place by a pair of screws and an adjustable set screw 
124. The cuvette ring bearing 64 thus secures the 
cuvette ring 62 in a predetermined axial position relative 
the magnet ring 66. 

The magnet ring 66 is coupled via a press fit to an 
outer race of the magnet ring bearing 68. The magnet 
ring bearing 68 also includes an inner race spaced from 
and movably coupled to the inner race by a ball bearing 
69. The ball bearing 69 allows the outer race to move 
relative the inner race as is generally known. 

A screw 126 and washer also secures a first end of 
the metal drive belt 35 to the magnet ring 66. A second 
end of the drive belt 35 is similarly fixed to the magnet 
ring 66. Thus, first and second ends of the drive belt 35 
are pinned to the magnet ring 66 at predetermined loca- 
tions. 

In preferred embodiments a member 128 here 
shown in phantom, projects from the magnet ring 66 in 
the region where the belt 35 terminates with respect to 
the ring 66. The member 128 has projecting therefrom a 
fin 128a having a radial shape which interrupts a sensor 
such as an optical sensor when the magnet ring 66 has 
moved as far as possible in one direction. Upon start up 
of the system 10, the servo motor 18 drives the magnet 
ring 66 slowly in one direction until the fin 1 28a interrupts 
the optical sensor thus indicating that the belt cannot 
allow the magnet ring to turn any further in that direction. 
This technique is used to initialize an encoder coupled 
to the servo motor 18 and allows the encoder to deter- 
mine start and end positions of the magnet ring 66. 
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Also, in the event that the encoder coupled to the 
servo motor fails, the sensor flag and optical sensor 
arrangement can act as a fail safe mechanism. If the 
servo motor attempts to drive the magnet ring past a pre- 
determined point in a single direction, the sensor sends 
a signal to initiate shut down of the servo motor and thus 
prevents the magnet ring or the drive belt from being bro- 
ken. Furthermore, a physical stop may be disposed to 
engage the member 128 and prevent the magnet ring 
from advancing too far in one direction in the event that 
both the encoder and optical sensor fail to operate prop- 
erly. 

The magnet ring 66 thus turns in response to move- 
ments of the drive belt 35. Since the drive belt 35 is 
pinned to the magnet ring 66, it is not possible for the 
magnet ring 66 to rotate in a single direction for a dis- 
tance greater than 360 mechanical degrees. That is, in 
this particular embodiment, the magnet ring 66 cannot 
continuously spin in any one direction. 

However, by pinning the drive belt 35 to the magnet 
ring 66 it possible to accurately position the magnet ring 
66 and thus each of the cuvette slots in the cuvette ring 
62 at particular locations around the incubation chamber 
12. Furthermore, by providing the belt 35 as a steel belt 
35 such positioning accuracy can be further increased 
since the steel belt 35 will have very little stretch and very 
low backlash. 

It is desirable to have the capability of accurately 
positioning each of the cuvettes 84 disposed in the 
cuvette ring 62 since the cuvettes 84 must be accurately 
positioned to allow pipettes at each of the fixed probe 
stations 24 (FIG. 1) to be lowered into the cuvettes 84 
for dispensing and aspiration of fluids. Thus to enable 
the drive system 18 (FIG. 1) to accurately position each 
of the cuvettes 84, the metal drive belt 35 is pinned to 
the magnet ring 66. In an alternate embodiment, the 
magnet ring could be provided having teeth similar to the 
drive pulley which engages holes in the metal belt. 

It is also possible of course that rather than pinning 
the drive belt 35 to the magnet ring 66 via the screw 1 26, 
a friction coupling between the drive belt 35 and the mag- 
net ring 66 could be used. With this approach the magnet 
ring 66 would of course be able to turn continuously in a 
single direction for multiple revolutions. It should be 
noted, however, that even in the case where a friction 
coupling between the drive belt 35 and the magnet ring 
66 is provided, it is still preferable to use a steel drive belt 
to minimize stretching and backlash of the drive belt 
which would result in inaccuracies in turning the magnet 
ring 66 and positioning cuvettes 84 at predetermined 
locations of the incubation chamber 12. It should also be 
noted that in this approach, a thin layer of polyurethane 
or rubber may be applied to either (or both) the magnet 
ring or the belt to further increase the coefficient of fric- 
tion between the belt and the ring. 

It should also be noted that in this particular embod- 
iment the drive unit 1 8 is provided as a servo motor capa- 
ble of very accurately turning the drive belt 35 and thus 
the magnet ring 66. 



The incubation chamber 12 further includes a mag- 
net pair 1 30 provided from magnets 1 30a, 1 30b coupled 
to the magnet ring 66 via a mounting plate 1 32. The mag- 
net pair 1 30 and mounting plate 1 32 will be described in 

5 detail below in conjunction with FIG. 5. Suffice it here to 
say that as described above in conjunction with FIG. 1 , 
as the cuvette 84 passes by the magnets 130a, 130b 
attract and hold paramagnetic particles disposed in the 
cuvette 84 to a first surface of the cuvette 84b proximate 

10 the magnets 130a, 130b. In this manner the paramag- 
netic particle separation portion of the assay is achieved. 

Referring now to FIG. 5, a split magnet assembly 
140 includes the magnet pair 130a, 130b generally 
denoted 1 22 separated by a spacer 1 42 a predetermined 

15 distance from a second pair of magnets 1 44a, 1 44b gen- 
erally denoted 1 26. The magnet pairs 1 30, 1 44 are offset 
in a vertical direction by a predetermined distance D1 to 
facilitate the paramagnetic particle separation proce- 
dure. 

20 The magnet pairs 1 30, 1 44 are secured to a magnet 
mounting plate 132 which in turn is secured to the mag- 
net ring 66. In one embodiment the magnet pairs 130, 
144 are secured to the mounting plate 132 by providing 
the mounting plate 132 from a magnetically attractive 

25 material such as steel and allowing a magnetic force to 
hold the magnet pairs 130, 144 to the mounting plate 
132. Alternatively the magnet pairs 130, 144 may be 
secured to the mounting plate 1 32 via an epoxy or by any 
other fastening technique welt known to those of ordinary 

30 skill in the art. In cases where a magnetic force is not 
used to couple the magnet pairs 1 30, 1 44 to the magnet 
plate 106, the magnet plate 106 need not be provided 
from a magnetically attractive material. 

In this embodiment a pair of bolts 146 secure the 

35 mounting plate 132 to the magnet ring 66. It should be 
noted, however, that the mounting plate 132 may be 
attached to the magnet ring 66 using epoxy or any other 
fastening technique well known to those of ordinary skill 
in the art. In some embodiments, however, it may be pref- 

40 erable to omit the mounting plate 132 and mount the 
magnet pairs 130, 144 directly to the magnet ring 66. 

The magnet pairs 130, 1 44 are here selected having 
equal lengths. Each of the magnet pairs 130, 144 spans 
a distance covering six cuvette slots in the cuvette ring 

45 62. Thus, six cuvettes 84 can be positioned in front of 
each of the magnet pairs 130, 144 at any time. By spac- 
ing the magnet pairs 1 30, 144 and performing a particle 
re-suspension operation in a cuvette 84 positioned in the 
space between the magnets, it is possible to improve the 

so results of some assays and in particular it is possible to 
improve the results of some ID assays. It should be noted 
that the magnet pairs 130. 144 could of course be pro- 
vided having a longer or a shorter length and that in some 
applications the magnet pairs 130, 144 could be pro- 

55 vided having different lengths. 

The particular length of each of the magnet pairs 
130, 144 is selected based, inter alia, on the amount of 
time it is desired to expose an assay to a magnetic force. 
Thus assuming that it is desired to expose an assay to 
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a magnetic force for a predetermined period of time, if 
the cuvettes 84 are moved past the magnet pairs 130, 
144 at a first predetermined speed, the magnet pairs 
130, 144 should be provided having a first length. If the 
cuvettes 84 are moved past the magnet pairs 130, 144 
at a second slower speed, however, then to expose the 
assay to the magnet pairs 130, 144 and magnetic force 
for the same predetermined period of time, the magnet 
pairs 130, 144 should be made shorter such that the 
assays are positioned in front of the magnets for a 
shorter distance but for the same predetermined period 
of time. Thus suffice it to say that the particular length of 
the magnet pairs 1 30, 1 44 should be selected in accord- 
ance with a variety of factors including but not limited to 
the speed with which cuvettes 84 pass by the magnets 
and the amount of time required to ensure proper para- 
magnetic particle separation in the cuvette 84. 

It should also be noted that in this particular embod- 
iment a first end of a first one of the magnet pairs 130, 
1 44 is spaced by a distance typically about the length of 
a single cuvette from a first end of second one of the 
magnet pairs 130, 144. Thus, a single cuvette 84 can be 
positioned in front of the spacer region and thus not be 
subject to the magnetic forces of the magnets. It is rec- 
ognized, of course, that in some applications it may be 
desirable to space the magnet pairs 130, 144 by a dis- 
tance which is greater than one cuvette. Alternatively, it 
may be desirable in some applications to not space the 
magnets at all but rather to couple the magnets adjacent 
to each other on the mounting plate 132. 

It should also be noted that the magnets 1 30a, 1 30b, 
144a, 144b are preferably provided having a shape cor- 
responding to the shape of the surface of the magnet ring 
66 to which the magnets are coupled. In this particular 
embodiment, the magnet ring 66 is provided having a 
circular shape. Thus as may be more clearly seen in FIG. 
1 , the magnets are provided having a curvature corre- 
sponding to the curvature of the magnet ring 66. 

Those of ordinary skill in the art will appreciate that 
is relatively difficult to manufacture magnets having a 
curved shape and that such curved magnets are rela- 
tively delicate and can be easily broken. In some appli- 
cations it may therefore be desirable to provide the 
individual magnets 130a, 130b, 144a, 144b from a plu- 
rality of individual magnet segments which are juxta- 
posed to form the overall curved magnet assemblies 
130, 144. The juxtaposed individual magnet segments 
may either be adjacent or spaced depending upon the 
particular application. The particular number of individ- 
ual magnets or magnet segments which comprise each 
of the magnet assemblies 1 30, 144 should preferably be 
selected to, inter alia, minimize fabrication cost while pro- 
viding relatively robust magnet assemblies 130, 144. 

By vertically offsetting the magnet pairs 130, 144, 
the paramagnetic particles are gathered from both the 
upper and lower portions of the cuvette and are eventu- 
ally focused into a pellet along the center of the lower 
magnet pair 144. As the cuvette 84 moves past the mag- 
net pair 130 paramagnetic particles collect along the 



entire magnet pair 1 30 surface. A wash operation is then 
performed to remove non-bonded particles within the 
cuvette 84. Then as the cuvette 84 moves past the mag- 
net pair 144 paramagnetic particles are further focused 

5 into a pellet along the center line of the lower magnet pair 
144. With this technique a focused pellet is formed from 
particles gathered across the entire cuvette 84. The dis- 
tance between the lowest edge 145 of magnet pair 144 
and the highest edge 131 of the magnet pair 130 is, in 

10 this embodiment, selected to be less than the length of 
the fill volume of the cuvette 84. 

Referring now to FIG. 6, an index mechanism 150 
includes an index housing 152 coupled to the incubation 
chamber 12 cover via several bolts 154 one of which is 

is shown here. An index plunger 156 disposed through a 
bore in the index housing 1 52 and is located in the hous- 
ing bore by a guide bearing 158. A first end of the index 
plunger 156a is coupled to a lead screw 160. The lead 
screw 160 is coupled to a linear drive motor 162 which 

20 is here provided as a stepper motor. The guide bearing 
158 allows the index plunger 156 to move up and down 
through the bore in the index housing 1 52 in response 
to movements of the motor 162 and drive shaft 160. 
A clamp foot 1 64 is disposed about a second end of 

25 the plunger. The clamp foot 164 may be provided, for 
example, from a piece of rubber tubing having a prede- 
termined durometer. 

A bore 174 of the magnet ring 66 has disposed 
therein a detent spring 166 and a first end of a stainless 

30 steel detent pin 1 68. A guide bushing 1 70 is disposed in 
the slot to prevent the detent pin 1 68 from wearing down 
the magnet ring walls. The guide bushing 170 may be 
provided, for example, as an oil impregnated bronze 
bushing. As the bushing walls wear down, the bushing 

35 1 70 leaches out lubricant and thus the bushing 170 acts 
as a self lubricating bushing. Those of ordinary skill in 
the art will appreciate of course that other wear resistant 
materials and techniques for reducing or minimizing 
wear between two moving surfaces could also be used. 

40 A retainer pin 172 is disposed through a slot in the 
detent pin 168. A first end of the retainer pin 1 72 is cou- 
pled to a first wall 66a of the magnet ring 66. A second 
end of the retainer pin 1 72 is disposed through a hole in 
a second wall of the magnet ring 66 and coupled to a 

45 retainer block 178. 

Referring briefly to FIG. 6A in which like elements of 
the index mechanism 150 are provided having like refer- 
ence designations, when the index plunger 156 is in its 
up position as shown in FIG. 6 A , the detent pin 168 is 

so placed in its detent position. In its detent position, the first 
end 168a of the detent pin 168 remains coupled to the 
magnet ring 66 as described above. The detent spring 
166 forces a second end 168b of the detent pin 168 
through a slot formed in wall region 180 in the cuvette 

55 ring 62. Thus in its detent position, the detent pin 168 
engages the cuvette ring 62 and locks the cuvette ring 
62 to the magnet ring 66 thereby preventing the cuvette 
ring 62 from moving relative to the magnet ring 66. 
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Thus, with the detent pin 168 in its detent position, 
the cuvette ring 62 moves with the magnet ring 66. Addi- 
tionally, when the cuvette ring 62 is locked to the magnet 
ring 66 via the detent pin 1 68, the position of the magnet 
pairs 130, 144 (FIG. 5) is fixed with respect to cuvettes 
84 held in the cuvette ring 62. 

Referring again to FIG. 6, the detent pin 168 is 
shown disengaged from the cuvette ring 62 thereby 
unlocking the cuvette ring 62 from the magnet ring 66. 
When the detent pin 168 is disengaged, the cuvette ring 
62 is movably coupled to the magnet ring 66. That is, the 
cuvette ring 62 can move on the cuvette ring bearings 
64 (FIG. 4) relative to the magnet ring 66 

The detent pin 168 is disengaged from the cuvette 
ring 62 in the following manner. In response to the motor 
162 moving the lead screw 160 in a downward direction 
in the bore of the index housing 152, a first surface of a 
second end of the index plunger 156b contacts a first 
surface of the detent pin 1 68 and drives the detent pin 
1 68 against the detent spring 1 66 until the detent pin 1 68 
is pushed completely through the slot in the cuvette ring 
62. At this point, the cuvette ring 62 is de-coupled from 
the magnet ring 66 and can therefore move relative to 
the magnet ring 66. 

The slot in the index pin, through which the retainer 
pin 1 72 is disposed, is provided having a length selected 
to allow the detent pin 168 to be pushed down against 
the detent spring 166 a distance sufficient to allow the 
detent pin 168 to pushed through the detent slot and 
below the surface of the cuvette ring 62 before the 
retainer pin 1 72 bottoms against a surface of the detent 
pin 168 in the slot region 174 of the detent pin 168. 

Since the retainer pin 1 72 has a force exerted on it 
each time the magnet ring 66 indexes with respect to the 
cuvette ring 62, it is desirable to ensure that the retainer 
pin 1 72 is firmly secured to the magnet ring 66. In this 
particular embodiment, the walls of the magnet ring 66 
through which the retainer pin 172 is disposed are not 
thick enough to properly support the retainer pin 172. 
Thus, the retainer block 1 78 is coupled to the magnet 
ring 66 to add support to the retainer pin 172. The 
retainer block 178 can be fixed to the magnet ring 66 by 
screws, epoxy, or by any other fastening techniques well 
known to those of ordinary skill in the art. 

It should be noted that when the detent pin 168 is 
forced against the detent spring 1 66 by the index plunger 
156, a first surface of the clamp foot 164 contacts a sur- 
face of the cuvette ring 62 in the region of the cuvette 
ring 62 in which the slot is formed. When the cuvette ring 
62 is disengaged from the magnet ring 66, the steel belt 
35 and drive assembly advance the magnet ring 66 in a 
clockwise direction to thus move the magnet ring 66 
including the index pin relative the cuvette ring 62. Thus, 
during the index operation the cuvette ring 62 remains 
stationary and the magnet ring 66 advances the magnet 
pairs 130, 144 one cuvette position. 

The cuvette ring 62 has a plurality of like detent slots 
formed therein. The detent pin 168 can engage each of 
the like detent slots in the cuvette ring 62. Each detent 



slot in the cuvette ring 62 defines a relative position 
between the cuvette slots in the cuvette ring 62 and the 
magnet pairs 130, 144 coupled to the magnet ring 66. 
During an index operation, the detent pin 1 68 slides 

5 off the surface 1 56a of the index plunger 1 56 and moves 
along a bottom surface of the cuvette ring 62 until the 
detent pin 1 68 is aligned under the next detent slot in the 
cuvette ring 62. When the detent pin 168 is aligned with 
a detent slot, the detent spring 1 66 forces the detent pin 

10 168 through the detent slot to again couple the cuvette 
ring 62 to the magnet ring 66. Thus when the magnet 
ring 66 advances a predetermined distance, here corre- 
sponding to one cuvette slot, the detent pin 1 68 is forced 
by the spring 1 66 into the next available detent slot of the 

is cuvette ring 62 to thus resecure the cuvette ring 62 to 
the magnet ring 66. 

While the detent pin 168 is being indexed, the detent 
pin 1 68 and detent spring 1 66 exert a force on the bottom 
surface of the cuvette ring 62. The clamp foot 164 pro- 

20 vides a force against a top surface of the cuvette ring 62 
to counteract the force exerted by the detent pin 1 68 and 
detent spring 166. Additionally, the clamp foot tubing 
reduces flexing and dampens any oscillation of the 
cuvette ring 62 which occurs due to the index pin being 

25 forced into the detent slot of the cuvette ring 62. 

It should be noted that although in this particular 
embodiment the detent pin 1 68 locks the cuvette ring 62 
to the magnet ring 66, other locking means may also be 
used. Likewise, although an index plunger 156 is used 

30 to disengage the cuvette ring 62 from the magnet ring 
66 other disengaging means may also be used. For 
example, the detent pin 168 and index plunger 156 
arrangement could be replaced by a solenoid for exam- 
ple. 

35 Other techniques for providing the cuvette ring 62 
and the magnet ring 66 as engageable, movable rings 
will be discussed in conjunction with FIGs. 10-1 2 below. 
Thus, suffice it to say that the cuvette ring 62 and magnet 
ring 66 may each include engageable locking regions 

40 which interact to thereby selectively lock the cuvette ring 
62 and magnet ring 66. It should, however, be noted that 
in some embodiments the cuvette ring 62 and magnet 
ring 66 may not include locking regions but rather may 
simply move independently of each other to thus move 

45 the magnets pass the cuvettes. 

As mentioned above, in this particular embodiment, 
the rubber tube clamp foot 1 64 contacts the cuvette ring 
62 to provide a downward force to counteract the upward 
force provided from the spring and detent pin 168 and 

so spring and thereby minimize movement of the cuvette 
ring 62 in a vertical direction. 

In an alternate embodiment, the rubber tube clamp 
foot 164 could be replaced by a foot spring and clamp 
foot arrangement for example. The foot spring should be 

55 selected having a spring force to dampen and counteract 
the forces which arise when the detent pin 1 68 is pushed 
by the spring against the cuvette ring 62. In this case, a 
shoulder region of the index plunger 1 56 compresses the 
foot spring against the clamp foot to thus counteract the 
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force which the detent pin 168 exerts on the cuvette ring 
62 surface due to the upward force provided by spring 
166. Those of ordinary skill in the art will now appreciate 
that other means for dampening and counteracting the 
forces which arise while indexing the cuvette ring 62 rel- 
ative to the magnet ring 66 can also be used. 

The index plunger 1 56 and detent slot in the cuvette 
ring 62 are provided having tolerances to ensure that in 
a worst case tolerance scenario (i.e. the index plunger 
1 56 having a maximum diameter and the index slot hav- 
ing a minimum diameter) the index plunger 156 will not 
be provided having a diameter greater than the diameter 
of the detent slot. The nominal clearance between the 
second end of the index plunger 1 56b and the index slot 
is typically about .003 inches. Such a relatively tight 
clearance prevents the cuvette ring 62 from shifting posi- 
tion while the index operation is taking place. It is desir- 
able to prevent any cuvette ring 62 movement from 
occurring during the index operation since other opera- 
tions may simultaneously be taking place. For example, 
sample, reagent or wash probes may be entering 
cuvettes 84 during the index operation. 

With such relatively tight tolerances, the drive sys- 
tem 18 must position the cuvette ring 62 within a several 
one-thousandths of an inch in order to ensure that sec- 
ond end of the plunger can move through the detent slot. 
Thus, after the drive system 18 moves the cuvette ring 
62 a predetermined number of positions in a predeter- 
mined time interval for example, 53 positions in one sec- 
ond, the drive system 18 must be capable of stopping 
and positioning the cuvette ring 62 within several-thou- 
sandths of an inch of a predetermined position. In the 
event, however, that some misalignment occurs between 
the cuvette ring 62 and the index mechanism 150, the 
second end of the index plunger 156b can be provided 
having a tapered region to allow the index plunger 156 
to accommodate some cuvette ring 62 misalignment 
which may occur. 

As mentioned above, the drive system 18 includes 
a servo motor capable of accurately moving a predeter- 
mined distance. The drive system 18 also includes the 
metal drive belt 35 having a plurality of accurately spaced 
and sized holes provided therein. Moreover, teeth pro- 
jecting from a drive pulley of the motor 18 which engage 
the holes in the metal drive belt 35 are positioned very 
accurately on the drive pulley to thus increase the accu- 
racy with which the drive system 18 can position the 
magnet ring 66 and thus the cuvette ring 62. With this 
particular servo motor, metal belt arrangement, backlash 
in the drive system 18 (i.e. the amount of play the drive 
belt 35 has as it engages a tooth on the drive motor pul- 
ley) is typically about .002 inches. 

The base ring 70 and magnet ring bearing 68 are 
each provided having bores therein. An alignment pin 
having a first end disposed in the bore of the base ring 
70 and having a second end disposed in the bore of the 
magnet ring bearing 68 provides a means for properly 
aligning the base ring 70 and the magnet ring bearing 68. 



It should also be noted that although in FIGs. 6 and 
6A gaps or spaces are shown between the base ring 70, 
the magnet ring bearing 68 and the magnet ring 66, such 
gaps are shown only to facilitate understanding of the 

5 assembly. Each of the above mentioned assemblies, in 
fact, are tightly fit to each other to thus prevent movement 
between each of the pieces. Because of the secure fit 
between each of the pieces, the magnet ring bearing 68 
provides a thermal path through which for the heat ther- 

io mal means coupled to the generated by the base ring 70 
may be transferred throughout the incubation chamber 
12. 

Referring now to FIG. 7, an elevator assembly 190 
includes a lift rod 192 and a drive assembly 194. The 

is drive assembly 1 94 drives the lift rod 1 92 through a pre- 
determined region of the incubation chamber 12 to thus 
lift a cuvette 84 through an entrance shaft 1 66 of the lumi- 
nometer 14 only a portion of which is here shown. The 
elevator assembly 190 positions the cuvette 84 into a 

20 predetermined one of a plurality of cuvette chambers 
within the luminometer 14. In this manner, cuvettes 84 
are removed from the incubation chamber 12 thus open- 
ing up a cuvette slot in the cuvette ring 62 to thus allow 
a new cuvette 84 to be placed into the cuvette ring 62. 

25 Those of skill in the art will appreciate of course that 
in some applications it may not be necessary to pass the 
cuvette 84 from the incubation chamber 1 2 to a luminom- 
eter 14. Rather, the cuvette 84 may simply be ejected 
from the incubation chamber 12 at any convenient loca- 

30 tion and passed to a second different incubation cham- 
ber 12 or alternatively the cuvette 84 may be ejected and 
disposed of in any manner appropriate to the system in 
which the incubation chamber 12 is being employed. 
In some applications, for example, it may be desira- 

35 ble or necessary to remove the cuvette 84 from the incu- 
bation chamber 12 through an opening provided in the 
bottom of the incubation chamber 12. In this case the 
elevator assembly 190 would not be required. 

The elevator assembly 190 includes a pair of sen- 

40 sors 200a, 200b which sense the position of the lift rod 
1 92 and thereby determine the position of the cuvette 84 
in the elevator shaft. The sensors 200a, 200b send sig- 
nals to the control system 25 (FIG. 1 ) to prevent the con- 
trol system from turning the cuvette and magnet rings 

45 62, 66 while the lift rod 1 92 is disposed through the incu- 
bation chamber 1 2. Once the elevator lift rod 1 92 retracts 
out of the incubation chamber 1 2, the sensor assemblies 
send a signal to the control system 25 which then allows 
the magnet and cuvette rings 62, 66 to begin moving 

so again. 

Referring now to FIGs. 8-8B, a series of diagrams 
illustrating the movements of the cuvette ring 62 and 
magnet ring 66 during three different system cycles is 
shown. It should be noted that these cycles are merely 
55 illustrative of the plurality of possible cycles which can 
be implemented in the system 10 and are not to be con- 
sidered limiting with respect to the types of cycles which 
can be performed in the system 10. 
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Turning now to FIG. 8, a diagram illustrating the 
movements of the cuvette and magnet rings 62, 66 dur- 
ing a typical cuvette cycle 21 0 of the system 1 0 is shown. 
In the present embodiment, the cuvette cycle 210 is 
defined to have a 15 second time interval. It should be 5 
noted, however, that other cuvette cycle times can also 
be defined. The 15 second cuvette cycle is shown 
divided into 3 portions timeframes 21 2, 21 4, 21 6. During 
each portion of the cuvette cycle, the cuvette ring 62 and 
magnet ring 66 are able to move in either clockwise or 10 
counter clockwise directions. 

As shown in FIG. 8 the frame 21 2 of the cuvette cycle 
210 lasts for a period of time corresponding to about 5 
seconds. During the first second of the five second time 
frame 212 , the cuvette ring 62 moves 53 positions in a 15 
counter clockwise direction around the incubation cham- 
ber 12. 

During the remaining 4 seconds of the frame 2 1 2 the 
cuvette ring 62 does not move and one or more of the 
following operations can be performed. 20 

First, primary reagents can be added to particular 
cuvettes. The particular type of assay being processed 
will determine the particular primary reagent which 
should be added as well as the incubation time of the 
assay. Some assays have incubation times typically of 25 
about eight minutes while other assays may have incu- 
bation times of about eighteen minutes. Furthermore, 
ancillary reagents (e.g. pretreatment or release rea- 
gents) used to prepare or dilute a sample for a particular 
test can also be added to particular cuvettes during this 30 
portion of the cycle. 

Additionally, if any cuvettes are appropriately posi- 
tioned in the wash/paramagnetic particle-separation 
region of the incubation chamber 12 (i.e. cuvette ring 
positions 8-20 as shown in FIG. 1) wash and re-suspen- 35 
sion operations may take place during this portion of the 
cycle. Also if an appropriate cuvette is positioned at 
cuvette ring position number 6, an acid dispense into the 
cuvette may also take place. Thus suffice it to say that a 
plurality of different operations may take place at different 40 
process stations of the incubation chamber 12 during 
frame 212 of the cycle 210. 

It should be noted, however, that whether a particu- 
lar process actually occurs depends upon the positioning 
of cuvettes presently residing in the incubation chamber 45 
1 2 as well as the particular assay being performed in the 
cuvettes. For example, even if a cuvette is positioned at 
the ancillary reagent dispense probe, if that particular 
cuvette does not require an ancillary reagent then no 
operation takes place in that cuvette at that particular 50 
time. 

The movements of the cuvette which occur during 
the second frame 21 4 of the cycle depend upon the par- 
ticular test being performed. For example, if an assay 
having an incubation period lasting for about 8 minutes ss 
is being dispensed then the cuvette ring 62 moves in a 
clockwise direction 39 positions such that a particular 
cuvette is positioned under the sample dispense probe. 
The 39 position move is accomplished in .8 seconds. 



After positioning the cuvette, a new sample is dis- 
pensed from the sample dispense probe into the cuvette 
or a diluted sample previously aspirated may be dis- 
pensed into a new cuvette. The dispense must take place 
in a period of time typically about 2.5 seconds. 

The cuvette ring 62 then moves clockwise 5 addi- 
tional cuvette positions to position the cuvette under the 
ancillary dispense position. The 5 position movement is 
accomplished in .2 seconds. Thus the second frame 21 4 
of the cycle 210 is completed in about 3.5 seconds and 
the total number of positions moved during that total time 
corresponds to 44 all in a clockwise direction around the 
incubation chamber 1 2. 

During the last frame 216 of the cycle 210, ancillary 
reagents can be added to appropriate cuvettes and 
cuvettes are added and exited from the incubation cham- 
ber 1 2. This occurs in a time period of about 3. 1 seconds. 

Following the 3.1 second time period, the cuvette 
ring 62 moves in a clockwise direction 8 positions such 
that the detent pin 168 is aligned under the index mech- 
anism 150. The index mechanism 150 disengages the 
cuvette ring 62 from the magnet ring 66 as described 
above in conjunction with FIGs. 6 and 6 A and the magnet 
ring 66 is moved relative the cuvette ring 62. The detent 
pin 168 then re-engages the cuvette ring 62 to the mag- 
net ring 66. It should be noted that during the index step 
the cuvette ring 62 is stationary and the magnet ring 66 
moves 1 position in a clockwise direction. In alternate 
embodiments however, it may be desirable to move the 
cuvette ring 62 rather than the magnet ring 66. 

Tnus, the total cuvette cycle lasts for a time period 
of about 15 seconds and in this particular example the 
cuvette ring 62 has moved a total of 105 positions (53 
positions in a counter clockwise direction and 52 posi- 
tions in a clockwise direction) and has advanced a 
cuvette around the incubation chamber 12 one cuvette 
slot. In this embodiment, the cuvette advances toward 
the magnet in the counter clockwise direction. 

It should be noted that during any portion of cuvette 
cycle 210 a cuvette does not remain in a stationary posi- 
tion for more than 5 seconds even though the total cycle 
time is 1 5 seconds. That is, each cuvette is advanced a 
single position around the incubation chamber 12 and a 
single position relative to the magnet 130, 144 every 15 
seconds. However, no one cuvette remains under a sin- 
gle position of a probe station 24 (FIG. 1) for longer than 
5 seconds within the 15 second cuvette cycle time. 

Referring now to FIG. 8A, a diagram illustrating the 
movements of the cuvette and magnet rings 62, 66 dur- 
ing a second different cycle 220 is shown. 

The cycle 220 is divided into three frames as was 
cycle 210 described above in conjunction with FIG. 8. 
The same operations performed in the first and last 
frames 212, 216 of cycle 210 can be performed in the 
first and last frames 212, 216 of cycle 220. 

In the cycle 220, however, different operations are 
performed in frame 222 than those performed in frame 
214 of cycle 210. In frame 222 of cycle 220, the cuvette 
ring moves in a clockwise direction 4 cuvette positions 
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in .2 seconds. Then a diluted sample may be dispensed 
into a clean cuvette. This operation must be completed 
in about 2.5 seconds. The cuvette ring then moves 40 
positions in a clockwise direction in a time period of about 
1 second and stops in the ancillary reagent dispense 
position. 

Thus, in cycle 220 the cuvette ring moves a total of 
105 positions in about 15 seconds and has advanced a 
cuvette around the incubation 1 2 one cuvette slot relative 
the magnet pairs 130, 144 disposed on the magnet ring 
66. 

Referring now to FIG. 8B, a diagram illustrating the 
movements of the cuvette and magnet rings 62, 66 dur- 
ing a third different system cycle 224 is shown. 

As described above in conjunction with FIGs. 8 and 
8A, the total cycle 224 is again divided into three time 
frames 212, 226 and 216. The same operations per- 
formed in frames 212, 216 described above in conjunc- 
tion with FIGs. 8 and 8A can be performed in frames 212, 
216 of cycle 224. 

In the frame 226, however, the system 10 performs 
different operations than those performed in the frame 
214 of cycles 210 and frame 222 of frame 220. In frame 
226 the cuvette ring moves five positions in a counter- 
clockwise direction in about .25 seconds. The cuvette 
ring remains stationary for about 2.5 seconds during 
which time a diluted sample may be dispensed into a new 
cuvette at the sample position. Alternatively, or in addi- 
tion to the above step, a new sample may be disposed 
into a cuvette. 

The cuvette ring then moves 49 positions in a clock- 
wise direction and stops in the ancillary reagent dis- 
pense position. Thus, the cuvette ring has moved a total 
of 1 15 cuvette ring positions and has advanced a cuvette 
around the incubation chamber 12 toward the magnet 
pairs 130, 144 by distance corresponding to one cuvette 
slot. 

Referring now to FIGs. 9-9C, a series of process 
steps illustrating a plurality of different protocols which 
can be accommodated in the analyzer system 10 (FIG. 
1 ) are shown. It should be noted that these protocols rep- 
resent only a small number of a vast plurality of protocols 
which can be accommodated by the analyzer system 1 0, 
and that the protocols here shown are only intended to 
be representative and illustrative of the types of protocols 
and protocol steps which can be accommodated in the 
analyzer system 10 and should not be construed as lim- 
iting as to the types of protocols which can be accom- 
modated in the system 10. 

Turning now to FIG. 9, a so-called one step protocol 
is shown. The one step protocol refers to a protocol in 
which only one wash step is performed. 

As shown in FIG. 9 during process step 232 a pre- 
determined amount of a sample is added to a cuvette 
positioned at the sample probe station in slot 1 1 1 of the 
cuvette ring 62. The precise amount of the sample which 
is added to the cuvette is selected in accordance with 
the type of assay being performed but in this particular 



protocol the sample amount is within the range of about 
five microliters (ul) to two-hundred jliI of sample fluid. 

Next as shown in process step 234 solid phase and 
light reagents can be added to the cuvette. Again, the 
s precise amount of either reagent which is added is 
selected in accordance with the type of assay being per- 
formed. In this particular protocol between 1 00 and 450 
jil of a solid phase reagent and between 50-250 ul of a 
light reagent are added to the cuvette. 
10 Then as shown in process step 236, an incubation 
period occurs. The incubation period is defined as the 
period of time between when a first primary reagent is 
added to the sample fluid in the cuvette and when the 
cuvette reaches the magnet pair 130 (FIG. 5). In this par- 
rs ticular example, the incubation period can last for a time 
period typically of about eight minutes or alternatively the 
incubation period can last for a time period typically of 
about eighteen minutes. 

In the event that an eighteen minute incubation time 
20 is required, the eighteen minute incubation period is 
achieved by adding the reagent to the cuvette such that 
the cuvette remains in the incubation chamber 12 for 
about eighteen minutes before the cuvette reaches the 
magnets. 

25 In a test which requires an incubation period of about 
eighteen minutes, the first reagent should be dispensed 
into a cuvette which is held in position 92 of the cuvette 
ring. The reagent, however, is dispensed by a reagent 
probe which can only access cuvettes in position 29 of 

30 the cuvette ring. Thus, the cuvette ring moves the cuvette 
in position 92 to position 29 for dispensing by the reagent 
probe. 

The first magnet is disposed at position 20 of the 
cuvette ring which is 72 positions away from position 92. 

35 Thus the cuvette and magnets are spaced by a distance 
of 72 cuvettes positions. 

Since each cuvette slot moves relative to the magnet 
every fifteen seconds (i.e. cuvettes move one cuvette 
position during one fifteen second cuvette cycle as 

40 described in conjunction with FIG. 8 above) the time it 
takes to index the magnets to position 92 corresponds 
to about eighteen minutes (72 cuvette positions x 1 5 sec- 
onds per cuvette position / 60 seconds per minute = 18 
minutes). This results in an eighteen minute incubation 

45 period. Also another minute or so may pass prior to the 
first aspirate. 

In a test which requires an incubation period of about 
eight minutes, the reagent is dispensed by probe 241 into 
a cuvette at position 53 of the cuvette ring 62. The first 

so magnet is location at position 20 on the cuvette ring 62. 
Thus the cuvette and magnets are spaced by a distance 
of 33 cuvette positions. Since each cuvette slot moves 
relative to the magnet every fifteen seconds (i.e. cuvettes 
move one cuvette position during one fifteen second 

55 cuvette cycle as described in conjunction with FIG. 8) the 
time it takes to index the magnets to position 53 corre- 
sponds to about eight minutes (33 cuvette positions x 15 
seconds per cuvette position / 60 seconds per minute = 
8.25 minutes). This time is approximate of course since 
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it depends on which part of the cycle at position 53 that 
the reagents are dispensed and the time when the incu- 
bation period actually stops. 

There are eleven cuvette positions between reagent 
probes 241 and 24k and between reagent probes 24k 
and 24j on the incubation chamber 12. The time it takes 
a cuvette to travel between these positions is approxi- 
mately 2.75 minutes (1 1 x 15/60). The ancillary reagent 
is dispensed from the ancillary reagent probe 24b at 
position 115. Ancillary reagents are dispensed into 
cuvettes at position 71 of the cuvette ring. Thus the 
cuvette ring must move a cuvette at position 71 of the 
cuvette ring to position 115 of the cuvette ring to allow 
an ancillary reagent to be dispensed therein. A first rea- 
gent is dispensed from reagent probe 24l at position 53 
which is 1 8 cuvette positions away from the ancillary rea- 
gent probe. Thus the ancillary incubation time is 4.5 min- 
utes (18 x 15/60). It should be noted, however, that the 
ancillary incubation time in an assay having an eighteen 
minute incubation time will be longer than 4.5 minutes. 

After the incubation period is complete then as 
shown in process step 238 a wash cycle is performed 
following which the cuvette is passed to the luminometer 
14 and as shown in process step 240 a chemilumines- 
cent reaction and resultant light flash is measured via the 
luminometer 14. 

Referring now to FIG. 9A, a so-called one step with 
dilutions protocol is shown. The one step with dilutions 
protocol refers to a protocol in which a diluent is added 
to a cuvette and only one wash step is performed. Some- 
times referred to as "Forward Sandwich" assays. 

As shown in FIG. 9A during process step 258 a pre- 
determined amount of a sample is added to a cuvette 
positioned at the sample probe station in slot 1 1 1 of the 
cuvette ring 62. The precise amount of the sample which 
is added to the cuvette is selected in accordance with 
the type of assay being performed but in this particular 
protocol the sample amount is within the range of about 
five microliters (ul) to two-hundred jutl of sample fluid. 

Next, as shown in step 246 a diluent is added to the 
sample to thus dilute the sample. The sample may be 
diluted by one-half for example or by one thousand times 
or by any other amount depending upon the assay 
requirements. 

Next as shown in process step 248 solid phase and 
light reagents can be added to the cuvette. Again, the 
precise amount of either reagent which is added is 
selected in accordance with the type of assay being per- 
formed. In this particular protocol between 100 and 450 
\i\ of a solid phase reagent and between 50-250 ul of a 
light reagent are added to the cuvette. 

Then as shown in process step 250, an incubation 
period occurs. As described above in conjunction with 
FIG. 9, the incubation period is defined as the period of 
time between when a first primary reagent is added to 
the sample fluid in the cuvette and when the cuvette 
reaches the magnet pair 130 (FIG. 5). In this example, 
the incubation period can last for a time period typically 
of about eight minutes or alternatively the incubation 



period can last for a time period typically of about eight- 
een minutes. The particular incubation times can be 
achieved as described above in conjunction with FIG. 9. 
The particular incubation period required depends of 

5 course on the type of assay being performed. 

After the incubation period is complete then as 
shown in process step 252 a wash cycle is performed 
following which the cuvette is passed to the luminometer 
14 and as shown in process step 254 a chemilumines- 

10 cent reaction and resultant light flash is measured via the 
luminometer 14. 

Referring now to FIG. 9B, a so-called two step pro- 
tocol is shown. The two step protocol refers to a protocol 
in which two wash steps are performed. 

15 During process step 258 a predetermined amount 
of a sample is added to a cuvette positioned at the sam- 
ple probe station in slot 1 1 1 of the cuvette ring 62. The 
precise amount of the sample which is added to the 
cuvette is selected in accordance with the type of assay 

20 being performed but in this particular protocol the sample 
amount is within the range of about five microliters (\x\) 
to two-hundred |x1 of sample fluid. 

Next as shown in process step 260 solid phase rea- 
gents can be added to the cuvette. Again, the precise 

25 amount of the solid phase reagent which is added is 
selected in accordance with the type of assay being per- 
formed. In this particular protocol between 100 and 450 
ul of a solid phase reagent is added to the cuvette. 
Then as shown in process step 262, an incubation 

30 period occurs. In this protocol the incubation period lasts 
for a period of time typically of about eighteen minutes. 

Next as shown in process step 264, wash and/or re- 
suspend operations can be performed following which a 
light reagent is added as shown in step 266. The precise 

35 amount of the light reagent which is added is again 
selected in accordance with the type of assay being per- 
formed. In this particular protocol, between 50 and 250 
Hi of a light reagent is added to the cuvette. 

Then as shown in process step 268, a second incu- 

40 bation period occurs. In this protocol the second incuba- 
tion period lasts for a period of time typically of about 
eighteen minutes. 

After the second incubation period 268 is complete 
then as shown in process step 270 a wash cycle is per- 

45 formed following which the cuvette is passed to the lumi- 
nometer 14 and as shown in process step 272 a 
chemiluminescent reaction and resultant light flash is 
measured via the luminometer 14. 

Referring now to FIG. 9C, a so-called two step with 

so dilutions protocol is shown. The two step with dilutions 
protocol refers to a protocol in which a diluent is added 
to a cuvette and two wash steps are performed. 

During process step 276 a predetermined amount 
of a sample is added to a cuvette positioned at the sam- 

55 pie probe station in slot 1 1 1 of the cuvette ring 62. The 
precise amount of the sample which is added to the 
cuvette is selected in accordance with the type of assay 
being performed but in this particular protocol the sample 
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amount is within the range of about five microliters (ul) 
to two-hundred \i\ of sample fluid. 

Next, as shown in step 278 a diluent is added to the 
sample to thus dilute the sample. The sample may be 
diluted by one-half for example or by one thousand times s 
or by any other amount depending upon the assay 
requirements. 

Next as shown in process step 280 solid phase rea- 
gents can be added to the cuvette. Again, the precise 
amount of the solid phase reagent which is added is 
selected in accordance with the type of assay being per- 
formed. In this particular protocol between 100 and 450 
\x\ of a solid phase reagent is added to the cuvette. 

Then as shown in process step 282, a first incuba- 
tion period occurs. In this protocol the first incubation 
period lasts for a period of time typically of about eight- 
een minutes. 

Next as shown in process step 284, wash and re- 
suspend operations are performed following which a light 
reagent is added to the cuvette as shown in step 286. 
The precise amount of the light reagent which is added 
is again selected in accordance with the type of assay 
being performed. In this particular protocol, between 50 
and 250 \i\ of a light reagent is added to the cuvette. 

Then as shown in process step 288, a second incu- 
bation period occurs. In this protocol the second incuba- 
tion period also lasts for a period of time typically of about 
eighteen minutes. 

After the second incubation period 288 is complete 
then as shown in process step 290 a wash cycle is per- 
formed following which the cuvette is passed to the lumi- 
nometer 14 and as shown in process step 292 a 
chemiluminescent reaction and resultant light flash is 
measured via the luminometer 1 4. it should be noted that 
cuvettes following this protocol move twice past the wash 
stations of the incubation chamber 1 2. 

Referring now to FIGs. 10-1 OA in which like ele- 
ments are provided having like reference designations, 
a portion of an incubation chamber 300 includes a mag- 
net ring 302 having a slot formed therein to accept a 
cuvette 84. A cuvette ring 304 is disposed in a top portion 
of the slot in the magnet ring 302 and a first surface of 
the cuvette ring is slidably disposed over a top surface 
of the magnet ring 302. 

Coupled to the magnet ring 302 is an index detent 
spring 306. The index detent spring 306 engages slot 
regions 307 of the cuvette ring 304 to thus couple the 
cuvette ring 304 to the magnet ring 302 and prevent the 
cuvette ring 304 from moving relative to the magnet ring 
302. A slide bar 308 is disposed over a top surface of an 
incubation chamber housing 310 and acts as an index 
lock and release mechanism. An incubation chamber 
cover 31 1 (not shown in FIG. 10A) is disposed over the 
slide bar 308 and housing 310. 

In operation, the slide bar 308 pushes against the 
index detent spring 306 such that the detent spring 306 
is forced into a cut out region 3 1 2 of the incubation cham- 
ber housing 310. Thisdecouples the magnet and cuvette 



rings 302, 304 and thus allows the cuvette ring 304 to 
move relative the magnet ring 302. 

The contacting surfaces of the cuvette and magnet 
rings 302, 304 are preferably provided from materials 
having a low coefficient of friction or alternatively are 
coated with a low friction material such as teflon, for 
example, to thus allow the rings 302, 304 to move with 
respect to each other with relatively little resistance. It 
should be noted that in this particular embodiment, a fric- 
tion bearing between the magnet ring and cuvette ring 
surfaces may be used since the two rings move relatively 
slowly with respect to each other and thus tend not to 
heat up to unreasonable levels or wear rapidly. 

The incubation chamber 300 further includes a mag- 
net ring bearing 314 coupled to the magnet ring 302. A 
drive belt 316 is also coupled to the magnet ring 302. 
The magnet ring bearing 314 and drive belt 316 may 
operate in a manner similar to the drive belt 35 and mag- 
net ring bearing 68 described above in conjunction with 
FIGs. 4, 6 and 6A. 

Referring now to FIG. 1 1 . a portion of an incubation 
chamber 320 includes an incubation chamber housing 

321 having disposed therein a cuvette ring 322 movably 
coupled to a magnet ring 324. The magnet ring 324 is 
provided having a slot therein into which a cuvette 84 
may be disposed. A pair of magnets 326a, 326b are cou- 
pled as shown to the magnet ring 324. The cuvette ring 

322 is slidably disposed on a first surface of the magnet 
ring 324. A tooth 328 projecting from a first surface of the 
cuvette ring 322 separates adjacent cuvettes 84. 

The cuvette and magnet rings 322, 324 are prefer- 
ably provided from materials having a low coefficient of 
friction or alternatively are coated with a low friction 
material such as teflon, for example. It should again be 
noted that in this particular embodiment, a friction bear- 
ing between the magnet ring and cuvette ring surfaces 
may be used since the two rings move relatively slowly 
with respect to each other and thus tend not to generate 
excessive heat. 

A vertical spring plunger 329 couples the cuvette 
ring 322 to the magnet ring 324. A plunger similar to the 
type described above in conjunction with FIGs. 6 and 6A 
may be used to disengage the vertical spring 329 and 
thus allow the cuvette ring 322 to move relative the mag- 
net ring 324. 

The magnet ring 324 is coupled to a magnet ring 
bearing 330. In this particular embodiment, a seal 331 is 
disposed above a magnet ring bearing 330 between a 
wall of the housing 321 and a wall of the magnet ring 324 
to thus prevent fluid which may be inadvertently dis- 
pensed outside a cuvette or spill out of a cuvette, for 
example, from entering the magnet ring bearing 330. 

Referring now to FIG. 12, a portion of an incubation 
chamber 332 includes an incubation chamber housing 
333 having disposed therein a cuvette ring 334 movably 
coupled to a magnet ring 336. In this embodiment, walls 
of the cuvette ring 334 form a slot in which a cuvette 84 
and a portion of the magnet ring 336 is disposed. A mem- 
ber 335 projecting from a first surface of the cuvette ring 
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334 separates adjacent cuvettes 84 disposed in the 
cuvette ring 334. It should be noted that in this particular 
embodiment, the cuvette 84 is supported by both the 
cuvette ring 334 and the magnet ring 336. A pair of mag- 
nets 337a, 337b are coupled to the magnet ring 336 adja- 5 
cent a surface of the cuvette 84. 

The cuvette ring 334 is coupled to a cuvette ring 
bearing 338. The cuvette and magnet rings 334, 336 are 
provided having a friction fit such that magnet ring 336 
and cuvette ring 334 can move relative each other. Thus, 10 
the cuvette and magnet rings 334, 336 are provided from 
materials having a relatively low coefficient of friction or 
alternatively are coated with a low friction material such 
as teflon, for example, to thus allow the rings 334, 336 
to move with respect to each other with relatively little is 
resistance. 

It should again be noted that in this particular 
embodiment, a friction bearing between the contacting 
surfaces of the cuvette ring 334 and magnet ring 336 may 
be used since the two rings move relatively slowly with 20 
respect to each other and thus tend not to heat up to 
unreasonable levels. 

Referring now to FIG. 13, a portion of an incubation 
chamber 340 is shown to include an incubation chamber 
housing 341 having an upper housing portion 341a and 25 
a lower housing portion 341b. In this particular embodi- 
ment, a top portion of a cuvette ring 342 has a member 
343 which forms a slot into which a cuvette 84 is dis- 
posed. A lower portion of the cuvette ring 342 is coupled 
to an outer race 344a of a cuvette ring bearing 344. 30 

The incubation chamber 340 also includes a magnet 
ring 346 having a pair of magnets 347a, 347b coupled 
thereto as shown. One end of the magnet ring 346 is cou- 
pled to an inner race 348a of a magnet ring bearing 348. 
A seal 350 is disposed above the magnet ring bearing 35 
348 and cuvette ring bearing 344 to prevent fluid from 
entering either of the bearings 344, 348. 

By coupling the cuvette and magnet rings 342, 346 
to separate bearing assemblies 344, 348 respectively, 
each of the rings 342, 346 can be driven by a separate 40 
motor coupled thereto by separate belts, for example. 
Alternatively, the cuvette ring 342 and magnet ring 346 
may be coupled together using for example, means sim- 
ilar to the means described above in conjunction with 
FIGs.6, 10, 11 and 12. 45 

It should be noted, however, that by providing a sep- 
arate cuvette ring bearing and magnet ring bearing 344, 
348 the magnet ring 346 need not be provided as a com- 
plete ring. Rather, the magnet ring 346 could be provided 
as a quarter or half ring or any other size ring which would so 
allow proper paramagnetic particle separation to occur 
in a system employing separate magnet and cuvette ring 
bearings. 

Having described preferred embodiments of the 
invention, it will now become apparent to one of skill in 55 
the art that other embodiments incorporating the con- 
cepts may be used. It is felt, therefore, that these embod- 
iments should not be limited to disclosed embodiments 



but rather should be limited only by the spirit and scope 
of the appended claims. 

Claims 

1 . An incubation assembly for handling samples under 
test and test reagents in automated biological test- 
ing comprising: 

at least first and second rings, relatively rotat- 
able in response to control signals, at least one of 
which rings is adapted for holding sample cuvettes 
in spaced cuvette receiving positions and at least 
one other of said rings has one or more magnets 
that selectively applies a magnetic force to the sam- 
ple and reagent combination in said cuvettes by rel- 
ative rotation of the first and second rings in 
response to said control signals to place said one or 
more magnets adjacent that cuvette; 

an indexing holder that positions the first and 
second rings relative to each other at any one of a 
plurality of positions corresponding to the number of 
cuvette receiving positions; 

an escapement associated with the indexing 
holder that indexes the relative position of the first 
and second rings by at least the distance between 
adjacent cuvette receiving positions in response to 
rotation of said first and second rings past a trigger; 

at least one sample dosing assembly respon- 
sive to said control signals and having a fluid transfer 
probe for applying a dose of a sample to be tested 
from a sample supply to a cuvette in one said ring 
at at least one first position to which cuvettes in that 
ring can be rotated; 

at least one reagent dosing assembly 
responsive to said control signals and having a fluid 
transfer probe for applying a dose of a reagent to be 
used in testing from a reagent supply to a sample 
containing cuvette in one said ring at at least one 
second position to which cuvettes in that ring can be 
rotated; 

a cuvette placement assembly having a sup- 
ply of cuvettes and a cuvette delivery mechanism 
delivering cuvettes to at least one third position to 
which a cuvette receiving position in said cuvette 
holding ring can be placed by rotation of said cuvette 
holding ring in response to said control signals; 

a cuvette extraction assembly extracting 
sample and reagent containing cuvettes from at 
least one fourth position to which a cuvette in said 
at least one cuvette holding ring can be placed by 
rotation of said ring segment in response to said 
control signals; 

a luminometer receiving extracted cuvettes 
and having a doser and photosensor to create and 
detect luminescence in the cuvette representative of 
properties of each sample under test; 

a scheduler of said control signals providing 
coordinated rotation of said at least first and second 
rings, sample and reagent dosing assemblies and 
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cuvette placement and extraction assemblies for 
incubation of a sample and reagent in each cuvette 
for selectable incubation times and positioning of 
said one or more magnets in said at least second 
ring adjacent to each said cuvette prior to its extrac- 
tion by said cuvette extractor assembly. 

2. The incubation assembly of claim 1 wherein said 
schedular provides the control signals within one of 
a plurality of different repeating time frames each of 
substantially similar duration. 

3. The incubation assembly of claim 2 wherein each 
time frame is divided into periods of rotation of the 
rings and of alternate control signal generation 
including control signals for activation of the sample 
dosing assembly, reagent dosing assembly, cuvette 
placement assembly, and cuvette extraction assem- 
bly. 

4. The incubation assembly of claim 3 wherein said 
time frame for the extraction assembly has four sub- 
frames each of which has at least one alternate con- 
trol signal generation. 

5. An incubation assembly for handling samples under 
test and test reagents in automated biological test- 
ing comprising: 

at least first and second ring segments, rela- 
tively rotatable in response to control signals, at least 
one of which ring segments is adapted for holding 
sample cuvettes in spaced cuvette receiving posi- 
tions and at least one other of said ring segments 
has a sample and reagent condition effector that is 
selectively applied to the sample and reagent com- 
bination in said cuvettes by relative rotation of the 
first and second ring segments in response to said 
control signals; 

at least one sample dosing assembly respon- 
sive to said control signals and having a fluid transfer 
probe for applying a dose of a sample to be treated 
from a sample supply to a cuvette in one said ring 
segment at at least one first position to which 
cuvettes in that ring segment can be rotated; 

at least one reagent dosing assembly 
responsive to said control signals and having a fluid 
transfer probe for applying a dose of a reagent to be 
used in testing from a reagent supply to a sample 
containing cuvette in one said ring segment at at 
least one second position to which cuvettes in that 
ring segment can be rotated; 

a cuvette placement assembly having a sup- 
ply of cuvettes and a cuvette delivery mechanism 
delivering cuvettes to a least one third position to 
which a cuvette receiving position in said cuvette 
holding ring segment can be placed by rotation of 
said cuvette holding ring segment in response to 
said control signals; 

a cuvette extraction assembly extracting 



sample and reagent containing cuvettes from at 
least one fourth position to which a cuvette in said 
at least one cuvette holding ring segment can be 
placed by rotation of said ring segment in response 

5 to said control signals; 

a scheduler of said control signals providing 
coordinated rotation of said at least first and second 
ring segments, sample and reagent dosing assem- 
blies and cuvette placement and extraction assem- 

io blies for incubation of a sample and reagent in each 
cuvette for selectable incubation times and activa- 
tion of the cuvette sample and reagent effector in 
said at least second ring segment prior to extraction 
by said cuvette extractor assembly. 

15 

6. The incubation assembly of claim 5 wherein said first 
and second ring segments extend together forming 
first and second complete rings. 

20 7. The incubation assembly of claim 6 further including 
a ring indexing station at which said magnet ring is 
moved one cuvette receiving position relative to the 
cuvette holding ring in response to rotation of a 
selected one of said first and second rings to the 

25 indexing station and engagement of a indexing posi- 
tioner holding said cuvette and magnet holding rings 
at selectable relative positions. 

8. The incubation assembly of any of claims 5 to 7 fur- 
30 ther including an indexing holder that portions the 
first and second rings relative to each other at any 
one of a plurality of positions corresponding to the 
number of cuvette receiving positions. 

35 9. The incubation assembly of claim 8 further including 
an escapement associated with the indexing holder 
that indexes the relative position of the first and sec- 
ond rings by at least the distance between adjacent 
cuvette receiving positions in response to a trigger. 

40 

10. The incubation assembly of any of claims 5 to 9 
wherein said extraction assembly extracts cuvettes 
to a luminometer having a doser and photosensor 
to create and detect luminescence in the cuvette 

45 representative of properties of each sample under 
test. 

11. The incubation assembly of any of claims 1 to 4 
wherein said magnet is operative to attract paramag- 

50 netic particles in the sample and reagent containing 
cuvettes when the second ring is so placed as to 
have the magnet adjacent selected cuvettes. 

12. The incubation assembly of any of claims 5 to 10 
55 wherein said second ring includes a magnet opera- 
tive to attract paramagnetic particles in the sample 
and reagent containing cuvettes when the second 
ring is so placed as to have the magnet adjacent 
selected cuvettes. 



18 



35 



EP0712000 A2 



36 



13. The incubation assembly of claim 11 or claim 12 
wherein said scheduler includes scheduling to place 
the magnet adjacent to a cuvette after a predeter- 
mined incubation time variable over a range of sam- 
ple and reagent combinations. 

14. The incubation assembly of claim 13 wherein: 

said magnet is split forming at least two mag- 
net segments; 

at least one wash assembly is provided hav- 
ing one or more probes for withdrawing and supply- 
ing fluid at cuvettes in said first ring when positioned 
adjacent one of said magnet segments in response 
to said control signals to effect removal of undesired 
artifacts in the cuvettes before extraction. 

15. The incubation assembly of claim 14 wherein said 
scheduler coordinates the wash assembly and rela- 
tive rotation of said first and second rings to provide 
paramagnetic particle on a cuvette side, removal of 
the remainder of residual cuvette fluid, injection of a 
neutral fluid medium, resuspension of the paramag- 
netic particles. 

16. The incubation assembly of claim 15 wherein said 
scheduler provides coordinated placement of said 
first and second rings and control of said wash 
assembly for repetition of the fluid removal, injection 
and resuspension. 

17. The incubation assembly of claim 15 wherein said 
scheduler provides for rotation of said first and sec- 
ond rings in both clockwise and counterclockwise 
directions. 

18. The incubation assembly of any preceding claim 
wherein said scheduler rotates the escapement to 
the indexing trigger on a periodic schedule. 

19. The incubation assembly of any preceding claim 
where dependent on claim 1 or claim 10 wherein 
said luminometer includes a cuvette contents 
remover and cuvette ejector for removing separately 
cuvette contents and cuvette to waste sites after 
detection of luminescence in each cuvette. 



each sample and placing it in an empty cuvette in 
the cuvette holding ring segment where it can be 
tested according to its associated protocol. 

5 23. The incubation assembly of claim 22 wherein said 
scheduler selects the sample on a predetermined 
prioritization basis. 

24. The incubation assembly of claim 23 wherein said 
10 predetermined prioritization basis is selected from 

the group consisting of FIFO and maximization of 
the number of tests per unit time. 

25. The incubation assembly of any preceding claim fur- 
is ther including a bearing structure supporting said 

first and second rings for relative rotation. 

26. The incubation assembly of any preceding claim 
wherein said trigger is a mechanical arm positioned 

20 to engage said escapement upon rotation of said 
escapement with the first and second rings past said 
arm. 

27. An automated immunoassay analyzer instrument 
25 comprising: 

a plurality of processing centers for addition 
of at least one of samples, reagents, and wash flu- 
ids; and 

a rotary incubation chamber for moving 
30 cuvettes in first and second opposite directions such 
that a particular one of plural cuvette slots are posi- 
tioned under a particular one of a plurality of different 
processing centers. 

35 28. The system of claim 27 wherein said incubation 
chamber comprises: 

a magnet ring; and 

a cuvette ring movably coupled to said mag- 
net ring such that said magnets can be positioned 
40 adjacent each of the respective slots in said cuvette 
ring. 

29. The system of claim 28 wherein said cuvette ring is 
coupled to said magnet ring via a plurality of cuvette 
45 ring bearings. 



20. The incubator chamber of any preceding claim 
wherein said scheduler includes data indicating a 
plurality of test protocols for testing sample types 
with selected reagents for selected sample proper- so 
ties. 

21. The incubation assembly of claim 20 wherein the 
scheduler data further includes an identifier of each 
sample awaiting test and the associated test proto- ss 
col to be run for each sample awaiting test. 

22. The incubation assembly of claim 21 wherein said 
scheduler further incudes instructions for selecting 



30. The system of claim 29 further comprising: 

a base ring; 

a ring bearing coupled to said base ring and 
said magnet ring such that said magnet ring is mov- 
able with respect to said base ring; and 

a chamber cover disposed over at least a por- 
tion of said cuvette ring. 

31 . The system of claim 30 wherein said chamber cover 
is provided from a plurality of discreet chamber cov- 
ers each of said plurality of discreet chamber covers 
disposed over said cuvette ring. 
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32. The system of claim 30 further comprising an insu- 
lative housing disposed over at least a portion of said 
chamber cover. 

33. A automated immunoassay analyzer system com- s 
prising: 

a magnet ring; 

a cuvette ring movably coupled to said mag- 
net ring; 

a motor; and 10 
a steel belt coupled between a drive belt of 
said motor and said magnet ring. 

34. The system of claim 33 wherein said magnet ring 
comprises a first magnet coupled to a first surface 15 
of said magnet ring. 

35. The system of claim 34 wherein said magnet ring 
further comprises a second magnet coupled to the 
first surface of said magnet ring and spaced a pre- 20 
determined distance from said first magnet. 
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FIG. 2 
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